Unbalanced rotor control by Koceli, Marko
  
7. Priloga A 
Priloga A vsebuje vso programsko kodo, potrebno za simulacijo rotorja. Napisana je v 
programskem jeziku Wolfram Mathematica. 
 
Zagon rotorja brez krmiljenja 
 
Vhodni podatki; 
 
g=9.81 (*[m/s^2]*); 
R=0.5 (*polmeter bobna [m]*); 
m1=1(*kontinuirana masa [kg]*); 
m2=5(*masa ekscentra [kg]*); 
J=(m1+m2)*R2 (*vztrajnostni moment [kg m^2]*); 
M0=20; 
C1=m2 g R; 
 
μ=0.0015(*koeficient trenja*); 
Fg=(m1+m2) g; 
dl=0.03(*notranji premer ležaja  [m]*); 
 
Reševanje diferencialne enačbe; 
    
   Clear[ϕ,r]; 
RK4Coefficients[4,p_]:=N[{{{1/2},{0,1/2},{0,0,1}},{1/6,1
/3,1/3,1/6},{1/2,1/2,1}},p]; 
r=NDSolve[{M0==ϕ''[t] J+C1 Sin[ϕ[t]]+(μ dl)/2 (Fg^2+(m2 
R (ϕ'[t])^2)^2-2 Fg (m2 R (ϕ'[t])^2) Cos[2π-
ϕ[t]])1/2,ϕ[0]==0,ϕ'[0]==0},ϕ,{t,0,20},Method-
>{"TimeIntegration"-
>{"ExplicitRungeKutta","DifferenceOrder"-
>4,"Coefficients"->RK4Coefficients}},StartingStepSize-
>0.001,MaxStepFraction->0.001,WorkingPrecision-
>MachinePrecision]; 
  
ϕ[t_]=ϕ[t]/.r; 
Plot[ϕ'[t],{t,0,7},PlotRange->{{0,7},{0,60}},Frame-
>True,FrameLabel->{"t[s]","φ'[rad/s]"},PlotTheme->"Detailed"] 
 
Simulacija povratne zanke 
 
VHODNI PODATKI; 
 
g=9.81 (*[m/s^2]*); 
R=0.5 (*polmeter bobna [m]*); 
m1=2(*kontinuirana masa [kg]*); 
m2=7(*masa ekscentra [kg]*); 
J=(m1+m2)*R2 (*vztrajnostni moment [kg m^2]*); 
M0=0; 
C1=m2 g R; 
 
KRMILNIK; 
Kp=7; 
Ki=9; 
Kd=1; 
Δt=0.05(*interval vzorčenja [s]*); 
 
TRENJE; 
μ=0.05(*koeficient trenja*); 
Fg=(m1+m2) g; 
dl=0.03(*notranji premer ležaja  [m]*); 
 
SETPOINTS; 
 
tk=5 (*čas zagona [s]*); 
ωo=100(*končna hitrost [rad/s]*); 
α=ωo/tk (*željen kotni pospešek [rad/s^2]*); 
to=10 (*čas opazovanja [s]*); 
del=to/Δt (*delitev*); 
 
SPω=Join[Table[α i,{i,0,tk,Δt}],Table[ωo,{i,0,(to-tk)-
Δt,Δt}]]; 
SPt=Table[Δt i,{i,0,del}]; 
SP=Table[{SPt[[i]],SPω[[i]]},{i,1,del+1}]; 
sp=ListPlot[SP,Joined->True,PlotStyle->{Green,Dashed},Frame-
>True,FrameLabel->{{"ω [rad/s]","M [Nm]"},{"t 
[s]",""}},FrameTicks-
>{{Automatic,{{0,0},{20,20},{40,40},{60,60},{80,80},{100,100}
,{120,120},{140,140},{160,160},{180,180},{200,200}}},{Automat
ic,Automatic}}]; 
 
  
POVRATNA ZANKA; 
 
P={}; 
M=M0; 
 
Mi=M0; 
ϕk=0; 
ϕkk=0; 
Er=0; 
eo=0; 
 
RK4Coefficients[4,p_]:=N[{{{1/2},{0,1/2},{0,0,1}},{1/6,1
/3,1/3,1/6},{1/2,1/2,1}},p];(*"Butcher tableau" za 
Runge-Kutta 4. reda*) 
 
For[i=1,i<=del,i++, 
 t0=(i-1) Δt; 
 tf=i Δt; 
 Clear[ϕ,r]; 
 r=NDSolve[{Mi==ϕ''[t] J+C1 Sin[ϕ[t]]+μ dl/2 (Fg^2+(m2 R 
(ϕ'[t])^2)^2-2 Fg (m2 R (ϕ'[t])^2) Cos[π-
ϕ[t]])1/2,ϕ[t0]==ϕk,ϕ'[t0]==ϕkk},ϕ,{t,t0,tf},Method-
>{"TimeIntegration"-
>{"ExplicitRungeKutta","DifferenceOrder"-
>4,"Coefficients"->RK4Coefficients}},StartingStepSize-
>0.001,MaxStepFraction->0.001,WorkingPrecision-
>MachinePrecision]; 
 ϕ[t_]=ϕ[t]/.r; 
  
 ϕk=ϕ[tf][[1]]; 
 ϕkk=ϕ'[tf][[1]]; 
 P=Join[P,{Plot[ϕ'[t],{t,t0,tf}]}]; 
  
 e=SPω[[i+1]]-ϕkk; 
 Er=Er+e Δt; 
 d=(e-eo)/Δt; 
 u=Kp e+Ki Er+Kd d; 
 Mi=u; 
 If[Mi<0, 
  Mi=0 
  ]; 
 (*If[Mi>40, 
 Mi=40 
 ];*) 
 M=Join[M,Mi]; 
 e0=e; 
  
 (*Print[" Subscript[t, začetni]=",t0," Subscript[t, 
končni]=",tf,"\t"," Subscript[ϕ, končni]=",ϕk," 
ϕSubscript[', končni]=",ϕkk,"    
","setpoint=",SPω[[i+1]]," e=",e," u=",u," M=",Mi];*) 
 ] 
 
IZRIS GRAFOV; 
 
M1=ListStepPlot[Table[{(i-1) 
Δt,M[[i]]},{i,1,del}],PlotStyle->{Orange,Thick}]; 
Show[sp,M1,P,PlotRange->{{0,10},{0,150}},AxesLabel-
>{"t[s]","ω[rad/s] ali M[Nm]"}] 
 
»Setpoints« za pulzno periodično funkcijo 
 
tk=2(*čas presledkov [s]*); 
ωz=50(*zgornja hitrost [rad/s]*); 
ωs=20(*spodnja hitrost [rad/s]*); 
to=10 (*čas opazovanja [s]*); 
del=to/Δt (*delitev*); 
 
SPω=Join[Table[ωs,{i,0,tk-
Δt,Δt}],Table[ωz,{i,0,tk,Δt}],Table[ωs,{i,0,tk-2 
Δt,Δt}],Table[ωz,{i,0,tk,Δt}],Table[ωs,{i,0,tk-Δt,Δt}]]; 
SPt=Table[Δt i,{i,0,del}]; 
SP=Table[{SPt[[i]],SPω[[i]]},{i,1,del+1}]; 
sp=ListPlot[SP,Joined->True,PlotStyle->{Green,Dashed},Frame-
>True,FrameLabel->{{"ω [rad/s]","M [Nm]"},{"t 
[s]",""}},FrameTicks->{{Automatic,{{0,-50},{10,-40},{20,-
30},{30,-20},{40,-
10},{50,0},{60,10},{70,20},{80,30},{90,40},{100,50}}},{Automa
tic,Automatic}}] 
 
»Setpoints« za sinusoido 
 
ωs=20(*rednja hitrost [rad/s]*); 
ωa=10(*amplituda [rad/s]*); 
tp=5 (*perioda [s]*); 
to=10 (*čas opazovanja [s]*); 
del=to/Δt (*delitev*); 
 
SPω=Table[ωa Sin[(2 π)/tp i]+ωs,{i,0,to,Δt}]; 
SPt=Table[Δt i,{i,0,del}]; 
SP=Table[{SPt[[i]],SPω[[i]]},{i,1,del+1}]; 
sp=ListPlot[SP,Joined->True,PlotStyle->{Green,Dashed},Frame-
>True,FrameLabel->{{"ω [rad/s]","M [Nm]"},{"t 
[s]",""}},FrameTicks->{{Automatic,{{0,-25},{10,-20},{20,-
  
15},{30,-10},{40,-
5},{50,0},{60,5},{70,10},{80,15},{90,20},{100,25}}},{Automati
c,Automatic}}] 
 
»Setpoints« za sigmoidno krivuljo 
 
ωs=50(*končna hitrost [rad/s]*); 
a=ωs/2; 
na=0.07(*faktor naklona*); 
n=na/Δt; 
tp=5(*čas pri katerem prečkamo polovico*); 
del=to/Δt (*delitev*); 
 
SPω=Table[a+(a (i-tp))/(n+(i-tp)^2)1/2,{i,0,to,Δt}]; 
SPt=Table[Δt i,{i,0,del}]; 
SP=Table[{SPt[[i]],SPω[[i]]},{i,1,del+1}]; 
sp=ListPlot[SP,PlotRange->All,Joined->True,PlotStyle-
>{Green,Dashed},Frame->True,FrameLabel->{{"ω [rad/s]","M 
[Nm]"},{"t [s]",""}},FrameTicks->{{Automatic,{{0,-60},{10,-
50},{20,-40},{30,-30},{40,-20},{50,-
10},{60,0},{70,10},{80,20},{90,30},{100,40}}},{Automatic,Auto
matic}}] 
